international Journal of Chesity (1996) 20, 236-244
© 1996 Stockton Press. Al rights reserved 0307-0565/36  $12.00

Energy expenditure, television viewing
and obesity

MS Buchowski and M Sun
Clinical Nutrition Research Unit, Vanderbilt University Medical Center and The Center for Nutrition, Meharry Medical College,
1005 D.B. Toedd Boulevard, Nashville, TN 37208, USA

OBJECTIVE: To measure energy expanditure {EE} of television viewing, sitting, and resting and duration of
self-selected television viewing in obese and non-obese men and women.

DESIGN: Cross-over randomized study consisting of two separate 24-h stays in a whole-room indirect calo-
rimeter.

SUBJECTS: 123 obese and non-obese healthy men and women {(age: 38 + 9, BM{: 29.4 + 7.9)
MEASUREMENTS: Rates of energy expenditure during resting (RMR), sitting {EE,,) and television viewing
(EE,.) using indirect calorimetry technique on two separata’24-h stays in a whole-room indirect calorimeter.
Physical activities and work of body movements during these periods using a large forca platform system
tocated inside the calorimeter,

RESULTS: Rates of EE for television viewing, adjustad for differences in body composition were 18%
higher than resting metabolic rate (RMR), but similar to rates of other sedentary activitises. There ware no
significant differences between obese and non-obese subjects in metabolic ratas during resting, television
viewing, and other sedentary activities. Average time of self-selected television viewing was significantly
greater in obase than in non-obese subjects and also in women than in men.

CONCLUSION: EE rate for television viewing in adults is higher than RMR and similar to other sedentary
activities. Ohese adults choose television viewing as a form of leisure activity more often than non-obese
individuais and as a result they could significantly reduce other forms of physical activities and total daily

EE.
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Introduction

Television viewing has become such a popular daily
event that its associated inactive physical status has
caused public concerns about its role in obesity devel-
opment.'* According 1o recent cstimates, adults in the
United States view an average of 25-40 h of television/
week.® Men who viewed television for more than 3
h/day were twice as likely 1o be obese as those who
viewed less than | h/day.® Similarly, women who
reported 3-4 h of television viewing/day showed almost
twice the prevalence of obesity,” It was unclear,
however, whether viewing television contributed (o
obesity development of men and women viewed tele-
vision more frequently because they were obese. Never-
theless, it has been shown that there is a definite link
between television viewing and risk of obesity.*~'" The
association between television viewing and decreased
time for physical activity and increased encrgy intake
has begun to receive more attention recently.!?-!4
Although several studies have suggested that television
and obesity arc related, little is known about (he way in
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which television viewing affects encrgy balance. It may
be related to physical activity, energy expenditure,
dietary intake or some combination of these.?>"'® Dis-
proportional decrease in energy expenditure has been
noted among obese children while viewing television in
one study'® but not in another.?® To our knowledge,
the rate of energy expenditure during self-selected tele-
vision viewing in adult population has not been exam-
ined. Furthermore, differences in rates of energy
expenditure between television viewing and other
similar sedentary physical activities in adults have not
been ehucidated,

One purpose of the present study was to compare the
rate of energy expenditure (EE) during television
viewing and other forms of similar sedentary activities
between obese and non-obese men and women, Second
purpose was to compare duration of self-selected tele-
vision viewing in these groups. In addition, the impact
of exercise/physical activities on rates of EE during tcle-
vision viewing and other sedentary activities and on
duration of self-selected television viewing was assessed.
An activity-energy measurement system (AEMS) which
is composed of a whole-room indirect calorimeter, a
large force platform for physical activity measurement
located inside the calorimelter, and an clectronic sensor/
switch system for behavioral monitoring, was used 1o
guantify the above criteria.
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Methods During one day of chamber stay (the normal day), the
Subi subject was asked to structure his/her activities patiern
ubjects as close as possible to their normal daily routine while

One hundred and twenty-three subjects (51 men and 72
women, aged 20-50 years) were recruited from Nashvil-
lc arca by advertisement in the Vanderbilt University
biweekly periodical, on local television stations, by
poster, or through informal contacts. Subjects received
written information about the nature and purpose of
the stedy. Signed informed consenl, which was
approved by the Committee for the Protection of
Human Subjects at Vanderbilt University, was obtained
before their participation in the study. Subjects were
admitled to the Clinical Research Center (CRC) of Van-
derbilt University Medical Center. Prior to scheduling
to the stay in the whole-room indirect calorimeter, all
volunteers answered a questionnaire concerning their
present health status, nutritional status, smoking and
drinking behavior, habitual activity patterns and physi-
cal activities. Subjects were eligible for participation if
they were apparently healthy with no evidence of past
or present thyroid disorders and diabetes mellitus, did
not use drugs known to affect energy metabolism, were
cating a4 normal balanced dict, and were non smokers.
To minimize an intraindividual effect of the menstrual
cycle on RMR, both measurements (normal and active
days) in women were planned in the same, cither follicu-
lar or luteal, phase of the cycle. All selected subjects
were required to maintain their normal pattern of diet
and activily during the two week experimental peried,
except during one active day when 24-h energy expendi-
ture was measured inside the whole-room indirect calo-
rimeter. The cut-off point for classification of the
subjects as being obese was set at BMI higher than 30
for both men and women.??

Experimental design

The study consisted of two 24-h stays for each subiect
in a whole-room indircct calorimeter (the chamber)
separated by 5-7 days. Subjects were required not to
engage in planned strenuous physical activity for 2 days
prior to a stay in the room calorimeter 1o aveid the
influence of post-exercise effect on energy expenditure

in the whole-room calorimeter. Relatively small space
inside the room calorimeter could, however, decrease
subject’s activily level and duration of some activities
when compared to his/her working or home environ-
ment. To compensate for this effect, during another stay
(the active day) each subject was asked to engage in a
specified physical activity/exercise protocol. The proto-
col consisted of two separate 2-h morning and after-
noon exercise sessions (Table 1). The order of stays was
randomized so some subjects had the active day first
and some had the normal day first.

Protocol inside room calorimeter

The subjects reported at 0700 to the CRC on scheduled
days to stay in the whole-room indirect calorimeter for
24 h. The-room indirect calorimeter is equipped with &
bed, a desk, a chair, a toilet and a sink, a telephone, a
television and VCR, and an audio system, The calorim-
eter is an air-tight room (2.6 x 3.4 x 23 m, 19500 | in
net volume) with a controlled flow of air into and oult of
the calorimeter. Parameters such as difference in oxygen
and carbon dioxide concentratfions entering and excit-
ing air, barometric pressure, air flow purging through-
out the chamber, ambicent temperature, and humidity
were continously mecasured and data was sent to 2 com-
puter 60 times/s during the entire experiment. Subjecls
were free to choose their food from menus provided by
CRC dietitians, but the amount and composition of
food eaten were measured and nutrient and energy
intake calculated. Meals were provided at exact times
during the day and subjects were given 30 min to
consume a meal. At the ernd of the 30 min, the subject
was asked to return all uneaten food to the CRC per-
sonnel. A step exercise platform and a computer-
monitored stationary bike were setup inside the
¢hamber, Subjects could choose to walk, step, or bike
for exercise if they wished. To record the cvents such as
television viewing, sitting, eating, exercising, sleeping,
elc. a set of eight independent push-butions were assign-
ed for different events. The subject pushed the related

Table 1 Physical characteristics of the non-obese and obese men and women participating in the study®

Men Wamen
Non-pbese Obese Total Non-ovbese Obese Total
n == 34 ne=]3 n=>5/ n=44 =28 n=72
Age (years) 34410 39+ 10 35 410 36+ 11 39 47 3747
Height (cm) 178 + 1.2 178 + 5.9 178 + 6.9° 165 4+ 5.3 165 + 7.4 165 + 6.1
Body mass (kg) 79 +99° {21 + 152 o 9020167 64 + 9.8¢ 103 + 19.1 74+ 236
BMI (kg/m?) 245 + 28 38.0 £ 54 28.2 + 6.8¢ 24.2 + 3.49 378 + 6.1 293 + 80
Y% Body Fal 19.4 + 7.8° 352459 23.4 + 10.1° 30.2 + 80° 44.6 + 6.3 360 + 101
IFat Free Mass (kg) 63.2 & 6.4° 776 £ 69 668 + 9.1° 444 + 53¢ 56.7 + 8.6 48.7 + 8.7
Ful Mass (kg) 168 + 5.3° 434 + 5.1 228 4 B.6° 20.6 + 3.4¢ 46.3 1 6.3 300 + 78

*mean + sd, n= 123

® significantly different from obese men

¢ significantly different from women

¢ significantly different from ohese women
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button at the beginning and released it at the end of
cach event. The event buttons were constantly moni-
tored and recorded by the computer, together with the
measured EE and physical activities on a 24-h basis. In
addition, the force platform system and electronic
sensors placed under the bed, chair, and inside the tele-
vision set were able 1o ensure determining activities
such as sitting, viewing television, sleeping, and mecha-
nical work during exercise reliably, as detailed clse-
where,?%%3

Measurement of energy expenditure and physical
activities

Energy expenditure was obtained by measuring the
amount of oxygen consumption (VO,), carbon dioxide
production (VCQO,), and urinary nitrogen excretion
using the indirect calorimetry technique. Qxygen con-
sumption (V0,} and carbon dioxide production {VCO,)
of each subject were calcutated by measuring the
changes in oxygen and carbon dioxide contents in the
air inside the chamber and by multiplying the flow rate
of the purged air times its concentration of oxygen and
carbon dioxide.

New (echriques were implemented to ensure accu-
racy and fast response in EE measuremenis. A special
multi-channel air sampling system was designed to
obtain an even sampling of the expired gas by the
subject. Room tempcerature and humidity were precisely
controlled  (temp. 22.5 + 0.15°C, vapor pressure
100+ 25 mm Hg) In addition, on-lire signal pro-
cessing and system identification algorithins were used
to reduce greatly the random noise and significantly
improve the measurement accuracy. The detailed meth-
odology and descripiionof the wilisle-room indirect
calorimeter has been reported carlier.?? Resuits from 54
propane and cthanol combustion tests with 1-min mea-
surement interval showed that the system error was less
than 0.7% (STD = 0.27% (or EE and STD = 0.48% for
respiralory quolient tests, # = 54) over large O, and
CO; concentration ranges. To our knowledge, these are
the most accurate data ever reported using indirect
whole-room calorimeter with a measurement interval as
short as | min. Achicving such high fevel of accuracy
was crucial for the study since higher variation could
not only affect measurcments of components such as
energy expenditure during television viewing, sitting,
and other forms of physical activity but total EE as
well. 1t is known that even a very small change in 24-h
EE can lead to a significant changes in body weight
over time. For cxample, if energy intake is maintained
constant, a 5% reduction in 24-h EBE could cause
approximalely 4 kg per year increase in body weight.

Mechanical work (MW)

MW caused by physical activity and its retaled increase
i EE were determined by the combination of a large
force platform system and the chamber, Briefly, any
body movement and the associated work were fraction-
ated into three {x, y and z) dimensions. The multiple
force transducers installed in the large force platform

that covers the entire living area detected thesc forces
and movements. The computer received these signals
then computed forces, body displacement, and mechani-
cal work of subjects moving on top of the platform {ihe
floor) during their daily activity on exercises inside the
chamber. Results were stored each minute on a 24-h
basis. Technical details of the system have been
described by Sun and Hill.*?

Energy expenditure during television
viewing (EE,.)

EE,, was determined as the average rate of energy
expenditure of a subject viewing television when sitting
for morc than § min, Television viewing has been
defined as the period of lime when this activity was
reported by the subject. The subject was required
according to this protocol to press a television button
when he/she started viewing television and to release it
when finished the viewing, This action was double-
checked by the body movement and mechanical work
values measured by the floor system during television
viewing. Furthermore, to avoid accidental situations
when a subject started to view television without
pushing the television button, a microprocessor-
controlled alarm system emitted light and sound signals
to remind the subject to push the button. Periods of
television viewing in which mechanical power of the
subject exceeded 6 W were automatically excluded from
calculations. In addition, periods within 2 h of the
beginning of the meals, within 15 min after cxercise, angd
the first 2 min after sitting and viewing television were
excluded to avoid residual effects on EE by other activ-
ities.

Energy expenditure during sitting (EE, ,)

Sitting was defined as the periods of time spent by the
subject in the chair which was sensed by the pressure
transducers and the position logation function of the
floor system. EE;, was determined as the average rate of
subject’s energy expenditure sitting for more than 5 min,
Periods within 2 h of the beginning of the meals, within
15 min after cxercise, and the first 2 min after sitting
were excluded from calculations.

Energy expenditure during sitting and not viewing
television (EE,,,.)

LE,,. was determined the same way as EE, except Lhe
subject was not viewing television. The differences
between EE,,, EE,,,, and EE,, enabled us to evaluate
separately the effect of television viewing events on total
EE.

Energy expenditure during walking (EE,) and stepping
(EE,,,)

EE, ad EE,, were determined as the average rate of
energy expenditure of a subject performing these forms
of physical activity during physical activity/exercise



sessions consisting of three 10 min walking bouts {0.6
m/s, 0.9 m/s and 1.2 m/s) and four stepping laps {2
laps/10 s, 3 laps/10 s, 4 laps/10 s and § laps/i0 s)
separated by 10 min breaks.

Resting metabolic rate (RMR)

RMR was determined as the averaged EE when the
awake subject was lying motionlessly in bed in the
morning after >10 h fasting and overnight sleeping.
The resting status was corroborated by the floor system.
Some sporadic activitics during the measurement were
removed by subtracting these components from total
EE to improve accuracy. To ensure Lhat the subject was
awake during the 30 min measurement period, a small
clectronic beeper with a touch button to stop beeping
has been designed. During the RMR test, the subject
had to touch this button with a miid pressure, at least
once every 2 min. If he or she left the bufton unatiended
while falling to sleep, the beeper was triggered to aert
the subject.

Body composition

Body weight was mcasured to the nearest 0.05 kg by 4
digiltal scale. Body fat and fat-f[ree mass (FFM) was
determined by  hydrodensitometry  (underwater
weighing). Subjects were weighted underwater while
their residual lung volume were measured by a
nitrogen-dilution technigue.?* Body fat percentage was
calculated from body mass density by using Siri’s
equation®® and fat mass (FM) and fat-frec mass (FFM)
were calculated from body weight.

Statistical analysis

All  descriptive  statistics  arc  presenled  as
means + standard deviation (s.d.) Since regression lines
relating energy expenditure fo metabolic mass do not
have zero intercepts,?®?7 regression equations relating
measares of energy expenditure to FFM and FM were

Tahla 2 Regression equations for resting metabolic rate (RMR) a

sitting (EE,,). and during sitting and not viewing television {EE qw
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calculated and used to determine the predicted values.
After establishing parailelism of the regression lines by
testing homogeneity of slopes, gender and activity (a
two-level discrete variables) were added to multiple
linear regression models. The residuals of the models
reported had a normal distribution. Adjusted by this
method rates of energy expenditurc are expressed as
number of kilojoules (kJ) per minute. The effects of
gender, obesity, and activity in the room calorimeter,
and their interactions on time of lelevision viewing were
assessed by randomized-biock analysis of variance
(ANOVA) with a factorial structure followed by orthog-
onal contrasts. Differences in variables between two
groups, i.e. obese vs lean, men vs women, were cvaluated
by using the paired comparison t-lest with a two-sided
rejection region and a confidence level of 95%.,

Results

Among 123 subjects studied, 28 women and 13 men had
BMT higher than 30 and were considered obese for the
purpose of this study. The remaining participants were
classified as non-obese subjects. Subject characteristics
are shown in Table 1. On the second stay, subjects’
body weight, FFM and fat muss (FM) were not different
from those on the first session (p > 0.05) RMR and
metabolic rates of other physical activities were adjust-
ed for differences in body composition.

Resting metabolic rate (RMR)

The regression equations for metabolic rates with the
covariates FEM, FM, gender and aclivity arc presented
in Table 2. The group values for adjusted metabolic
rates at the experimentai conditions are summarized in
Tables 3 and 4. FFM alone explained 68% of the
variance of RMR. Mean RMR value, adjusted for body

nd rates of energy expenditure during television viewing (EE_}, during

) with the covariales FFM, FM, Gender and Activity (active vs. normal

day)
Variakle Intercept FFM F Gender Activity r?
fkg) {kgj

RMR*® 0.359 + 0.088 0.015 £ 0.046 0.005 = 0.0008 +0.063 £+ 0.036 +0.010 + 0.0t 0.729
(P < 0.0001) (P < 0.0001) (P < 0.0001} (P = 0.083) (P = 0.581)
0.354 + 087 0.019 # 0.0009 0.0041 £ 0.0008 +0.063 + 0.036 0.850
(P < 0.0001) (P < 0.0001) (P < 0.0001} (P = 0.082)

EE,, 0.632 + 0.099 0.016 4 0.0016 0.0038 £ 0.000Y +0.109 + 0.041 +0057 + 0.0! 0.708
(P < 0.0001} I’ < 0.0601) (P < 0.0001} {P = 0.008) (P = 0.0078)

EL,, 0711 + 0.103 0.016 + 0.00§7 0.0041 + 0.001 +0.104 + 0.043 +0.101 + 0.022 0.764
(P < 00001 (P < 0.0001) (P < 4.0001} (P = 0.0149) (P < 0.000G1)

EE, ... 0.646 + 0.092 0.016 + 00015 0.0032 + 0.0008 +0.097 £ 0.038 +0.069 + 0.02 0.856
(P < 0.0001) (P < 0.00G1) (P < 0.0001) (P = {.082) {P < 0.0001)

* the value reported for each term is the parameter estimate + s.e.. Significance levels are reported in parentheses beneatir each term.

Y the values for gender {a two-level discrete variable} represents the difference in energy expenditire between males and femaies after adjustment for
the covariates in the respective models. Positive values signify that males have higher adjusted energy expenditure than females.

¢ the values for activity {a two-level variable} represents the difference in energy expenditure between active and normal days after adjustment for the
covariates in the respective models. Positive vatues signify that adjusted eneryy expenditure were higher during the active day rhan normal day (sec

Methods }.

¢ the mudtiple linear regression analysis of BMR is performed with and without veriahle Activity {normal vs. active day )

239
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Table 3 Hesting metabofic rate (RMR) and rates of energy expenditure during television viewing (EE,,), during sitsing (EE,,,), and during
sitting and not viewing television (EE,,, ) measured in obese and non-obese men and women during 2 separate 24 h stays in whole room

indirect calorimeter {kJ* min-').°

Men Women Men and Women
Non-obese Obese Non-obese and obese Non-obese Ohese Non-obese and obese  Non-obese Ohese
n =38 n=13 1= 57 n=44 n=28 n=72 w= 4 n=482
RMR 533 4£058% 5584 077" 539  0.64" 540 + 052" 521 +071° 5.32 £ 0.60° 536 + 0.62° 533 4075
EE, 6.53 + 083 6.62 4 0.67 6.55 + 0.79 636 £0.52 646+ 083 6.40 1 0.65 644 +0.68 651 £ 0.78
EE,, 67240093 670+ 0.75 6.71 + 0.88 6.58 + 0.56  6.68 + 0,83 6.62 + 0.67 6.64 £ 075  6.68 + 0.80
e 0.60 1078 6.65 + 0.67 6.61 +0.75 644 £ 050 654 £ 075 6.47 + 0.61 651 £ 065 657 £0.72

*mean + sd, n = 23
® significantly differcnt from EEty, EEsit, EEsniv
© significanily different from obese women

composition, was 1.3% lower in women than in men
but the difference was not significant (p = 0.083). RMR
measured on active days was similar to measured on
normal days (p = 0,571). Differences in RMR between
obesc and non-obese participants (4%} were not signifi-
cant (4%) were not significant (p = 0.176). However,
RMR was significantly lower in obese women than in
obese men (p = 0.038). There were marked differences in
RMR between the subjects (CV = [3.7%) but intraindi-
vidual variations between the two separale 24 h stays
were very small and insignificant (¢-test) in men
{p = 0953} and in women (p = 0.397).

Energy expenditure during television viewing (EE,.)

As Tables 3 and 4 show, EE,, was significantly higher
than RMR (p < 0.001) and both rates were highly corre-
lated in all subjects {r = 0.83). Therc was no significant
diffcrence in EE,, between non-obese and obese partici-
pants (p = 0.699). Activity was a significant determinant
of EE,, was tested in the relationship to EE,, and FFM
and FM {p = 0.008). EE,, was 0.057 4+ 0.01 kJ* min~!
(82 kl/day) higher on the active than on the normal
day. Gender was also a significant determinant of EE,,

which was 0.109 + 0.04 kJ/min (157 kJ/day ") higher in
men than in women {p = 0.008).

Rate of energy expenditure during sitting (EE_,))

As shown in Tables 3 and 4, EE_, was significantly
higher than RMR. The differences in EE,;,, normalized
for body composition, between non-obesc and obcese
parlicipants were not significant (p = 0.625). Both,
gender and activity, were significant decterminants of
EE,;,. The EE,, rate was 0.104 + 0.004 kJ/min (150
kJ/day) higher in men than in women. EE_ was
0.101 £ 0,022 kl/min {145 kJ/day~') higher on the
aclive day than on the normal day. The differences in
EE,, between the active and the normal day were sig-
nificant in  both, men (p=00!7) and women
(p = G.013}. There was an insignificant (p = 0.573) inter-
action of gender and cxercise indicating that the effect
of gender on EE,, was independent from the cifect of
prior exercise. There was no difference between EE,,
and EE,, for all participants combined (p = 0.70).

Rate of energy expenditure during sitting and not viewing
television EE_ .}

Body composition normalized EE,,, was significantly
{p < 0.001) higher than RMR (Tables 3 and 4). EE_,, in

Table 4 Resting metabolic rate (RMR) and rates of energy expendituse during teievision viewing (EEtv). during sitting {EEsit), and
during sitting and not viewing television (EEsntv) measured at normal and active days in men and women during 2 separate 24 h stays in
whole room indirect calorimeter (kJ* min-')?

Men Women Men and Women
Active Normal Active Normal Acetive Normal Total
n=>3/ n=35/ =72 n=72 n=123 n=7]23 n= /23
RMR 5.39 £ 0.59° 5.39 + 0.70° 5.37 + 0.59° 5.28 + 0.62° 537 +0,59® 533 + 0.65° 535 £ 0.62°
EE,, 6.67 + 0.87¢ 6.45 + 0.68 6.53 £ 0.70° 6.27 + 0.58 6.58 + 0.77" 6.34 + 0.63 6.46 + 0.71
HE,, 6,98 + (1.99%¢ 6.44 + 0.67 6.78 + 0.69° 6.43 + 0.60 6.87 + 0.83' 6.44 + 0.63 6.66 + 0.77
EL 6,79 £ 082 6.43 + 0.63 6.59 + 0.62° 6.36 + 0.58 6.67 + 0.72 6.39 + 0.60 6.53 £ 067

shy

fmean & sd o n = /22

® significantly different from EEv, EEsit, EEsntu

¢ siguificantly differeat from men on normal day

4 significamtly different from womer an normal day
¢ significantly differeni fram women on normal day
" significantly different from normal day
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Tabie b Time of spontaneous television viewing by non-obese and obese men (n=53) and women {n=71) during 2 separate stays

(normai and active) in indirect whoie-room calorimeter {min)

Men Women Mer and Women
Non-obese Obese Toral Non-obese Obese Taotal Non-ohese Ohese Total
n =38 n=1{3 n=13 n =44 n=28 n=72 N 82 n= 4] n= 123
Normal day 162 + 85 201 + 78® 172 + B4b 194 + 102* 224 + 107° 206 & 103° 179 493 217 + 98" 192 4 96"
Aclive day 79 + 65 107 + 77 B7 + 69 06+ 122 + 67 112 4 75 94 1 74 117 4+ 70 101 £ 73
Average day 121 + 86 134 + 90 129 + 88° 150+ 9% 174 £ 103 159 + 101 136 + 94¢ 168 + 99 147 + 96

“mean + sd, n = 123

® significantly different from active day
< significantly different from women

4 significantly different from obese

obese subjecls was similar to non-obese subjects
(p = 0.63). EE,,, in both men (p < 0.001) and women
(p < 0.001} on the active day was higher than on the
normal day. Activity was a significant determinant of
EF,,., (p <0.001). The differcnces between EE, and
EE,,,, in men (1.0%) and women (1.1%), in obese (1.0%}
and non-obese subjects (1.1%), and on active (1.4%) and
normal days (0.8%) were insignificant.

Time of television viewing

Table § summarizes the duration of self-selecled (ele-
vision viewing by the participants during their two
separate stays in thc whole-room indirect calorimeter.

Average time of television viewing was 146 min, and il
was 28 min Jonger in women than in men {p = 0.022).
Obese men and women spent on average 32 min more
viewing television than non-obese subjects {p = 0.008).
On both normal and active days obese subjects spent
more time viewing television than non-obese subjects
and the difference was higher on normal day (217 4 98
min vs 179 + 94, p = 0.04) than on active day (117 £ 70
min rs 94 + 74 min, p = 0.09). The difference between
normal  and active day were highly sigaificant
(p = 0.0001} in both obese and non-obesc participants.
Obese women spent 21 min more than ebese men and
non-obese women spent 26 min more than non-obese
men viewing television. Both men and women spent

420
v Men TV time (min) » 1.635 Body Fat (56} + 85.34; r=0.304; n =51; p=0.030
[+) Women TV time {min) = 2,701 Body Fat (%) + 67.15; r=03066; n=72; p= 0.025
360
~ o
=
-
g 300+ ¢ o
' Og
o v © oV
240+

viewing

180

1204

Time of TV

Body Fat (%)

Figure 1 Time of television viewing in refation to body fatness (%) in men {n =51) and women {n = 72) during two separate 24-h
stays in a whole-room indirect calorimeter. Each point is an average for one of the 123 subjects.
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almost 100 min more on this activity on the normal day
than on the active day (p < 0.000{). Women spent more
time than men viewing television on both normal and
active days. There was substantial variation in time of
television viewing between subjects (CV = 65%). Yet,
we did find a significant positive correlation befween
body fatness {(BF%) and time of television viewing
{Figare 1} This correlation was stronger in women
{p < 0.025) than in men {p < 0.030).

Discussion

The present study is the fiest to quantify energy expen-
diture during self-seiected television viewing in obese
and non-obese adults. We also examined rates of energy
expenditure during inaclive sitting and nen viewing
television, and during sitting and perlorming other
forms of physical activities such as writing and reading
with the television set turned off. The rates of energy
expenditure during television viewing while sitting
(EE,,) and during other forms of sedentary activities
(EE,,, EE,,,) were significantly higher than RMR in
both men and women, obese and non-obese. On the
other hand, RMR and rates of EE,,, EE,, and EE,,,
adjusted for differences in body composition were
approximately 2% higher in men than in women, but
the difference was not significant. Similar difference in
RMR between men and women has been reported by
Ferraro et af *®

Menstrual function was recorded but not controlled
for in this study. Energy expenditure has been reported
o be significantly higher in women during the luteal
phase of the ovulatory cycle in some studies,2?*® but
not in others.*’ *? Thercfore, 1o minimize the potential
confounding effect of the menstrual cycle on energy
expenditure in women, we analyzed differences in EE
between active and normal days in the subset of women.
Adjusted RMR was not significantly different between
these two days (p = 0.675) suggesting that the menstrual
cycle did not affect intraindividual RMR differences in
women. Furthermore, since other sedentary forms of
physical activity were measured during the same 24-h
period as RMR, individual differences in EE,, EE_,,
and EE,, between the normal and the active day in
women were probably caused by factors other than the
meansirual cycle. It has been shown that in women EE is
not changing significantly during any 24-h period of the
menstrual cycle.’® We cannot, however, exclude the
possibility that the menstrual cycle could affect differ-
ences in rates of energy expenditure between men and
women.2®

[t has been suggested that television viewing may
promote weight gain by lowering resting energy expen-
diture.'® Tn this study we did not detect any significant
differences in EE between sitting and viewing television
and sitting for other sedentary forms of physical activity
such as reading or writing in adult men and women,
both obese and non-obese. Lack of reports on the effect

of television viewing on energy expenditure in adults
make it difficult to compare our study with others. In
one of the two existing reports examining EE during
television viewing in children, Dietz et al.?® suggested
that television viewing does not alter resting metabolic
rate. In contrast, in a study by Klesges et al.,'® children
showed significant decrease in energy expenditure
during television viewing in comparison with rest. The
authors conciuded that television viewing has a pro-
found lowering effect on metabolic rate and may be a
mcchanism explaining the relationship between obesity
and duration of television viewing. Qur results offer
explanation which is in agreement with the notion of
Dictz er al?® who concluded that (elevision viewing in
children may not contribute to obesity by reduction in
RMR.

Results from this study and from other studies (M.
Sun, unpublished data) that involved over 400 subjects
staying inside our whole-room indirect calorimeter indi-
cate that in aduits’ RMR is significantly lower than
energy expenditure of other sedentary forms of physical
activity. These results are similar to results in adults
reported by others,*®*4 but in conirast to both cited
studies in children.'®2® QOne potential cxplanation, in
addition to the age difference, might be the diffcrent
experimental approach used. In our approach resting
metabolic rate (RMR) was measured when awake sub-
jects were laying in bed motionless immediately after 10
h fasting and overnight sleep. In the studies by Klesges
et al.'® and Dietz et al,>* RMR were measured in
awake children who reported to the study site in the
morning and were laying in a reclining position on a
bed or sitting on a reclining chair. An alternative expla-
nation of the discrepancies may be the calorimetry
method used and the time of measurement. In their
approach, measurements were conducted using a
canopy system consisting of a helmet enclosing the
hcad, each session lasted 2 h, and the child was
instructed to view television, Qur subjects spent approx-
imately 48 h in the whole-room indirect calorimeter on
two scparate days and EE,, was obtained during self-
selected television viewing while sitting in a comfortable
chair without body movement. Controlled environment
within the whole-room indirect calorimeter, such as iso-
lation of disturbance by ambient O,, CO, composition,
isolation of sound and visual disturbance, guaranteed
fresh air inlel, and stable temperature, enabled us to
obtain EE,, that is closer to naturalistic situations such
as viewing television at home.

The most frequent sedentary activity among adults in
the United States is television viewing. The Nielsen
Report® indicated that adult men and women watch
approximately 3.7 and 4.7 h a day, respectively. Average
viewing time was shorter in participants of this study.
One possible explanation is that in our approach only
the television periods when subjects did not have any
significant physical activily, monitored by the large
force platform, were included in calculations. In addi-
tion, the first five minutes of each television viewing
event was excluded from the viewing time. Another



explanation is that although our system measured
actual time of television viewing precisely and did not
rely on participant’s subjective report, it did not provide
living environment totally equivalent to the natural
living environment. Similar fo the Niclsen report, we
found that television viewing time was significantly
fonger in women than in men. Both obese women and
men wcre viewing (elevision for longer time than non-
obesc participants. There was a linear relationship
between body fatness and time of television viewing
These obscrvations confirm previous reports showing
strong correlation between self-reported time of tele-
vision viewing and prevalence of obesity in adul{ men
and women®’ However, since this was not a
retrospective study, cause-and-effect conclusions regard-
ing time of television viewing and obesity cannot be
reached. According to Dietz and Gortmaker,>® the
relationship between television viewing and obesity ful-
fills many of the classical criteria necessary for a casual
association. Thus, it is plausible that the passivity of
television viewing leads to obesity, and obesity leads 1o
television viewing — a cycle of mutual interaction and
reinforcement,

Although EE,, was not lower than EE, it was still
significantly lower than many other daily physical activ-
ities. In this study, EE,,, during daily physical activities
such as walking or slepping were 2 to 4-fold higher than
EE,, or EE,. Since EE, and EE,, were among the
lowest EE components in daily activities, prolonged
television time would certainly cause a significant
reduction in total EE. As indicated in the results
section, obese people spent significantly more time
viewing {elevision than non-obese people. For example,
the average time differences in television viewing
between obese and non-obese participants were approx-
imately 30-40 min. The difference between EE,, and the
energy expenditure during the lightest form of physical
exercise (walking at 0.6 m/s or 1.34 miic/h) performed
by the participants of cur study was 9.13 kJ/min. There-
fore, substituling 30 min of slow pace walking with tele-

vision viewing would cause approximately 275 kJ/day

of positive energy balance in an average adult person.
This surplus of energy could result in an increase in
body weight when the cnergy intake remains constant,
If we assume 80% of weight gain is fat and 20% is
FFM, and fat is stored with 97% efficiency and FFM
with 90% efficiency, the excess of 275 kJ/day will cause
a gain of 3 kg per year simply because of this difference
in a form of activity. In addition, equivalent substitution
of more vigorous physical activities and exercise by tele-
vision viewing could cause & reduction in mobilization
of body fat occurring in individuals who would other-
wise participate in these activities.

In order to minimize the effect of prior exercise on the
rates of EE, we removed the first 5 min of each seden-
tary activity from our calcuiations. Nevertheless, we
observed a significant augmentation of EE,, EEg, and
EE_,, on the active day. These results suggest that pre-
vious exercise or other vigorous physical activity, may
have a lasting thermic cfleet on sedentary EE rates.
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Similar retationship has been reported by others.®’

This effect, however, was insignificant for RMR which
was measured approximately 14 h after the exercise
session.

Aithough large differences in time of television
viewing existed among experimental groups, these dif-
ferences were not atways statistically significant, mainly
due to large inter-individual variations. This indicates
that while there is certainly a positive correlation
between time of lelevision viewing and obesity, other
factors such as lifestyle and occupation could also influ-
ence the time of television viewing.

There are several polential interpretations of our
findings in relation to time of television viewing and
energy balance in adults participating in the study.
First, there is an association between time of television
viewing and obesity measured by BMI and percentage
of body fat. Examination of this associalion with both
variables treated as continuous measurements shows a
linear relationship. This association is true for both men
and women. Sccond, the observation can be made that
women tend to view television more than men and this
observation seems to be accurate in both obesc and
non-obese individuals. Displacement of more vigorous
physical activities by television viewing may affect
energy balance. Third, the implications of these findings
for duration and energy expenditure during self-selected
television viewing in free-living subjects are difficult to
asscss and require further investigations.

In summary, the absence of the effect of obesity on
the rate of energy spent viewing television seems to
exctude the possibility that television viewing may cause
obesity by towering the rate of energy expenditure when
compared to similar sedentary activities. On the other
hand, our findings suggest that obese adults tend to
view television for a longer time than non-obese persons
and this behavior is more prevalent in women than in
men. Adults who choose even as short as half hour daily

substitution of various form of physical activity with

television viewing could affect significantly their total
daily energy balance and body weight.
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